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Standing dead trees, or snags, represent post-disturbance biological legacies in forest ecosystems, and intentional
creation of new snags is increasingly common during forest treatments. The abundance, volume, size, and
distribution of snags can aﬀect wildlife communities and stand-level biological diversity. Characteristics such as
the wood properties of diﬀerent tree species, environmental conditions, and cause of tree death (e.g., insects,
disease, senescence, wind, ﬁre) can inﬂuence decomposition and subsequent use of snags by wildlife. The objectives of this study were to characterize decay patterns in jack pine (Pinus banksiana) snags that had been killed
by prescribed ﬁre, topping, and girdling and determine the eﬀects of these treatments on subsequent snag use by
subcortical insects and primary cavity-nesting birds. The prescribed ﬁre, topping, and girdling treatments were
implemented in 2003, 2004, and 2007, respectively; bird excavations were quantiﬁed in 2014 and insect activity
was measured in 2016. One-way analysis of variance tests were used to examine any diﬀerences among treatments in snag characteristics, decay characteristics, past insect activity, and past use by birds. An information
theoretic approach to model selection was then used to rank potential predictors of bird foraging activity and
cavities. The topping treatment had unique decay characteristics relative to the other two treatments; topped
snags had the highest levels of past insect colonization, were softer, and had higher proportions of loose bark
remaining on the boles. Trees killed by prescribed ﬁre had the greatest number of foraging excavations and
cavities. Girdled snags had the lowest evidence of past insect colonization and showed diﬀerent levels of decay
and insect use at diﬀerent vertical positions on the snag bole. Comparison of candidate models showed that a
model containing treatment type alone was the highest ranked when predicting foraging by birds, while snag
diameter was the highest ranked when predicting the presence of cavities. A model containing treatment and
snag density was also a highly ranked for predicting cavity presence. Our ﬁndings suggest that diﬀerent jack pine
snag treatments result in unique decay trajectories that may inﬂuence snag use by an array of wildlife taxa. Our
characterization of three snag creation treatments can also inform options for generating snags, depending on
the desired outcome, when management for biological legacies and wildlife habitat is of interest within mixedpine forests of the Great Lakes region.

1. Introduction
Dying trees, standing dead trees (snags), and downed woody material have numerous ecological functions and contribute to structural
complexity and biodiversity within forests (Harmon et al., 1986,
Franklin, 1988). For example, dying trees increase availability of resources such as light, nutrients, and water, and provide structure and

⁎

food for a wide range of taxa (Franklin et al., 1987). A diversity of
fungi, plants, and animals utilize snags and downed wood throughout
their life cycles (Boddy, 2001, Jonsell and Weslien, 2003, Jonsson et al.,
2005, Lonsdale et al., 2008).
Within conifer forests of the Great Lakes and boreal regions farther
north, past management activities have, in some instances, homogenized stand structure and composition in ways that decrease
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processes have been studied more in the western United States than in
the sub-boreal, mixed-pine forests of the Great Lakes region. One study
conducted in Upper Michigan investigated snag creation methods and
found that jack pine snags generated by girdling developed into advanced decay classes faster than snags created by topping or prescribed
ﬁre (Corace et al., 2013). However, wildlife response to the methods of
snag creation was not evaluated. Moreover, recent proposals to list the
northern long-eared bat (Myotis septentrionalis) and other bat species
that utilize snags under the Endangered Species Act have heightened the
need for more research that investigates snag management within an
ecological context.
We focus here on two types of snag use by forest birds that we
collectively term an excavation: (1) use of a snag for a cavity (be it for
cover or nesting) and (2) use of a snag for potential food resources. The
objectives of this study were to quantify diﬀerences in the treatments
implemented and evaluated by Corace et al. (2013) in terms of decay
variables and use by subcortical insects and primary cavity-nesting bird
species, as well as to explore which variables best predict variation in
observed bird excavations. Understanding the interactions between
snag decay, insects, birds, and the environment can contribute to a
better understanding of the outcomes of forest treatments that aim to
retain or enhance biological legacies and provide complexity in mixedpine forests.

resilience to catastrophic disturbance (Bergeron et al., 1998, Perry,
1998, Drever et al., 2006). Additionally, widespread ﬁre suppression
and land use changes have altered many forests, resulting in reduced
complexity and diversity relative to pre-European settlement conditions
(Schulte et al., 2007, Tucker et al., 2016). Although forest management
aimed at timber production often has been implicated in forest simpliﬁcation, forest management speciﬁcally directed at wildlife habitat
may also fail to generate all structural features characteristic of natural
disturbance regimes. For example, jack pine (Pinus banksiana) stands on
public lands in Lower Michigan are managed for the endangered Kirtland’s warbler (Setophaga kirtlandii). Treatments to establish breeding
habitat begin by clear-cutting mature jack pine, followed by artiﬁcial
regeneration (hand or machine planting) of jack pine seedlings in an
opposing wave pattern (MDNR et al., 2015). Seedlings are planted to
produce dense patches of regeneration and other areas are left unplanted and open. While these practices have contributed to the recovery of this neotropical migrant songbird, they have also resulted in
unnatural patterns of regeneration (Kashian et al., 2017), with signiﬁcantly lower levels of snags in plantations (3 snags ha−1) relative to
ﬁre-regenerated stands (252 snags ha−1; Spaulding and Rothstein,
2009).
Snags are used by a variety of invertebrates, including subcortical
insects that complete a portion of their life cycle beneath the bark of
woody plants. Many of these insects colonize certain tree species or
utilize trees at speciﬁc stages of decay (Byers, 1995, Saint-Germain,
2007). Evidence of past colonization of snags by bark beetles (Curculionidae: Scolytinae) and wood-borers (Cerambycidae: Buprestidae)
include entrance and emergence holes on the bole and larval galleries
(Wood, 1982). According to Boulanger and Sirois (2007), colonization
of dead trees by subcortical insects proceeds in two successional
“waves.” The ﬁrst wave occurs when insects colonize standing snags
soon after tree death. The second wave occurs with epigeic species that
utilize snags after they have fallen. Snag size and stem density are
known to inﬂuence colonization by subcortical insects as well as subsequent excavation by predatory birds (Saint-Germain et al., 2004,
Farris and Zack, 2005). Colonization by insects and foraging by birds
are also thought to accelerate snag decay (Harmon et al., 1986, Farris
et al., 2004).
A wide range of vertebrates also use snags for shelter, including bats
(Chioptera), rodents, bears, and herpetofauna (Holloway and Malcolm,
2007; Bull, 2002; Foster and Kurta, 1999; Johnson and Pelton, 1981).
Woodpeckers (Picidae) and even songbirds (e.g., black-capped chickadee, Poecile atricapillus) excavate cavities and forage for insects on
decaying trees. Primary cavity-nesting bird species often construct
cavities that are subsequently exploited by secondary cavity-nesting
species (e.g., wood duck, Aix sponsa; American kestrel, Falco sparverius).
However, snags may become less suitable for foraging by birds as snags
deteriorate, as colonization by subcortical insects peaks within one to
three years following tree death in pine ecosystems (Farris et al., 2002,
Farris and Zack, 2005). As decay progresses, more decayed snags are
thought to become more suitable for cavity excavation (Farris and Zack,
2005). Previous research suggests that proximate cause of tree death
aﬀects the probability of cavity excavation, as does wood softness, snag
size, and stem density (Petit et al., 1985, Parks et al., 1999, Lehmkuhl
et al., 2003, Bagne et al., 2008).
The concept of ecosystem management calls for greater retention of
snags and other biological legacies in managed forests (Franklin et al.,
1987, Harmon, 2001, Dudley and Vallauri, 2005). Such management
maintains structural complexity and biodiversity (Franklin et al., 2002,
Lindenmayer and Noss, 2006). Recognizing the importance of retaining
or augmenting the abundance or volume of snags in forests, previous
studies have investigated methods for creating snags such as girdling
and topping of trees, herbicide application, and/or inoculating trees
with fungi (Bull and Partridge, 1986, Chambers et al., 1997, Hallett
et al., 2001, Brandeis et al., 2002, Shea et al., 2002, Filip et al., 2004,
Arnett et al., 2010). Wildlife responses to snag creation and decay

2. Material and methods
2.1. Study site
Our study was conducted at Seney National Wildlife Refuge (SNWR)
in eastern Upper Michigan (N46.288, W85.945). Proximity to the Great
Lakes inﬂuences the local climate. Most winds are typically from the
southwest to the northwest. The area experiences 81 cm of annual
precipitation on average, and the average daily humidity ranges from
50 to 60% (USFWS, 2009). Temperatures typically range from −14 to
26 degrees Celsius (MRCC, 2017). The landscape is part of the Seney
Sand Lake Plain ecoregion (Albert, 1995). The majority of upland soils
are xeric sands that historically supported red pine (P. resinosa) forests,
with a lesser component of eastern white pine (P. strobus). During the
late 19th and early 20th centuries, those stands accessible to logging
across the wetland matrix were cut and burned outside the natural
range of variation (Losey, 2003); stands inaccessible to logging were
left alone and now provide benchmarks for studying ﬁre regimes
(Drobyshev et al., 2008a, Drobyshev et al., 2008b), forest structure and
regeneration dynamics (Corace et al., 2013, Nyamai, 2013, Nyamai
et al., 2014), and wildlife communities (Corace et al., 2014). Altered
stands are currently dominated by jack pine and have diﬀerent structure, wildlife communities, and associated ﬁre behavior compared to
benchmark stands (red pine). As such, the restoration of ecosystems
dominated by red pine and eastern white pine and the restoration of a
ﬁre regime with a ﬁre return interval of low to mixed-severity ﬁres
approximately every 25–35 years are priorities for management
(Drobyshev, 2014).
2.2. Creation and selection of snags
All forest stands in which we worked were part of a previous snag
study (Corace et al., 2013), itself part of a larger eﬀort to restore red
pine, reduce heavy fuels (e.g., jack pine), and prepare sites for prescribed ﬁre. All stands included in this study were growing on the white
pine/blueberry (Vaccinium)/trailing arbutus (Epigaea repens) habitat
type of the soil classiﬁcation of Burger and Kotar (2003). Red pine and
eastern white pine are late successional dominants and jack pine is the
common dominant at earlier successional stages on this soil type.
In brief, snags were created mechanically in two harvested stands
and in an additional stand via a prescribed ﬁre. Harvesting occurred in
mixed-pine stands with even-aged jack pine being the most common
408
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Table 1
Primary cavity-nesting bird species (listed alphabetically by common name) known to be present at Seney National Wildlife Refuge and their reported cavity dimensions. Relative
abundance values were derived from Michigan Breeding Bird Atlas II data (Chartier et al., 2011), research (Corace et al., 2014), and planning documents (USFWS, 2009).
Source: Birds of North America Online (Browse Species), unless otherwise noted. For individual species accounts, see https://birdsna.org/Species-Account/bna/species

Black-capped chickadee (Poecile atricapillus)
Boreal chickadee (Poecile hudsonicus)
Black-backed woodpecker (Picoides articus)
Downy woodpecker (Picoides pubescens)
Hairy woodpecker (Picoides villosus)
Northern ﬂicker (Colaptes auratus)
Pileated woodpecker (Dryocopus pileatus)
Red-headed woodpecker (Melanerpes
erythrocephalus)
Red-bellied woodpecker (Melanerpes carolinus)
Red-breasted nuthatch (Sitta canadensis)
Three-toed woodpecker (Picoides dorsalis)
Yellow-bellied sapsucker (Sphyrapicus varius)
a
b
c

Reported cavity heights from
ground (m)

Reported cavity entrance
diameters (cm)

Reported cavity depths
(cm)

Relative abundance at
SNWRc

0–20+
0.1–10.5
2.7 – 11
4.7–13.5
1–18.3
1.3–11.4
13.1–35.3
7–12.4

2.8b
2.4
3.3–4.4
2.5–3.8
3.8–5.1
6.45–8.3
8–12
5.6–5.9

10–46
12.7–30.5
21–41
15.2–30
20.3–38.1
14.9
47.6–60
14.3

Abundant
Rare
Uncommon
Common
Common
Common
Common
Rare

2–15
3.5–15.7
5.2–7.7
2–9

5.1–6.4a
2.0–9.5
3.8–4.7
3.2–4.1

22–32
2.0–7.0
24.1–30.5
27

Rare
Common
Rare
Common

Jackson (1976).
Cooper and Bonter (2008).
Chartier et al. (2011), Corace et al. (2014), and USFWS (2009).

study herein, we randomly selected 35 girdled jack pines to resample
using a random number generator. From the topped snags used in the
previous study, we were able to only resample 22 (the other four were
not found). Therefore, 13 additional topped jack pine snags were selected to reach 35 total. These additional topped snags were selected by
simply walking through the harvested stand and selecting topped snags
using bark characteristics to identify jack pines with the size criteria
shown above. Snags were not marked within the prescribed ﬁre treatment from the previous study. We therefore sampled snags in this
treatment systematically along a transect. From the prescribed ﬁre
treatment, we sampled 29 jack pine snags as well as six red pine snags.
Red pine snags were included due to the limited number of jack pine
snags available for sampling within the treatment area. In 2016, we also
sampled 35 live jack pine trees for comparison purposes in a separate
jack pine-dominated forest stand at SNWR. These live trees were selected by making stops every 161 m along a road bisecting the stand. At
each stop, we sampled three trees along a transect perpendicular to the
road at 20 m, 40 m, and 60 m. All live trees were > 10.2 cm in diameter.

overstory species (Corace et al., 2009). Red pine and eastern white pine
were favored in these stands and were left as seed trees. Growing season
harvesting removed all merchantable jack pine (> 12 cm diameter
breast height or DBH). Harvested stands had variable retention of
∼10–70% of the pre-treatment basal area and some scariﬁcation for
red and eastern white pine regeneration (Nyamai, 2013). The patterns
resulting from these harvests yielded a heterogeneous distribution of
residual as suggested by Lindenmayer and Franklin (2002) for conifer
stands being managed for biodiversity. Diﬀerences in pre-treatment
conditions of stands used in this study were primarily in age and time
since last treatment, rather than surﬁcial geology, successional trajectories, or composition and structure.
The prescribed ﬁre occurred in 2003 resulting in a 105-ha burned
area with > 70% jack pine mortality and most (∼70%) red pine trees
alive post-ﬁre. This mixed-severity ﬁre was likely within the range of
variation of ﬁres historically found on the landscape (Drobyshev et al.,
2008b). The 126-ha topping treatment was implemented in 2004 to
reduce fuel loading associated with jack pine, promote regeneration of
red pine, and enhance growth of existing red pine and eastern white
pine. Relatively large and healthy jack pine trees were cut at ∼3 m in
height (maximum height logging equipment was able to reach). The
girdling treatment took place in 2007 in a timber harvest of approximately 173 ha. Girdling involved using a mechanized processor head to
scrape the bark oﬀ of the middle sections of trees (generally at a position 1–3 m from the ground). Goals and objectives of the timber
harvest were similar to those for the 2004 harvest. For all snags created
through mechanical treatments, trees marked for snag creation tended
to be larger and healthier and were spaced apart so as to allow
equipment to work. On average, snags were spaced 28.6 m ( ± 38.4 m)
apart in the topped treatment, 51.7 m ( ± 30.2 m) apart in the girdled
treatment, and 8.25 m ( ± 4.0 m) apart in the prescribed ﬁre treatment.

2.4. Measurements
In June and July of 2014, we measured DBH (cm) and height (m) of
all sampled snags. Excavations were identiﬁed by noting locations on
the bole where deeper notches had been made into the bark or wood.
Foraging excavations were distinguished as being more irregularly
shaped, having “rougher” edges, and sometimes revealed an insect
entrance hole at the center. Cavities were more uniform in shape and
had rounded edges (Gorman, 2015). All bird excavations were documented with photographs and the height from the ground of each excavation and associated dimensions (e.g., length, width, and depth)
were recorded. Photos and dimensions were reviewed to distinguish
between foraging excavations and cavities. Potential cavities were
identiﬁed based on documented cavity dimensions of primary cavitynesting species known to occur at SNWR (Table 1). To be considered a
potential cavity, the excavation had to be ≥2 cm in diameter, ≥14 cm
in depth, and ≥1 m above the ground. Excavations on sections of the
snag > 3 m above the ground were identiﬁed using binoculars. Visibility was generally unimpeded by ﬁne branches and needles due to the
stage of decay of the snags. For cavities higher up on snags, we conﬁrmed potential cavities at a later date by using a ladder to access the
excavation. At this time we also conﬁrmed that the internal dimensions
met the minimum thresholds above. These methods would likely not
have captured any foraging excavations that were very shallow or that

2.3. Sampling strategy
Based on the expected needs of primary cavity-nesting birds,
Thomas et al. (1979) deﬁned a snag as ≥10.2 cm DBH and ≥1.8 m in
height. We applied these criteria when selecting snags to sample. In
2014, 105 snags (35 per treatment) were sampled for excavations
(obvious penetrations of the wood from either foraging or cavity development) by birds. In 2016, these same snags were sampled for past
subcortical insect activity. Our initial sampling scheme involved resampling a subset of snags from the Corace et al. (2013) study. Sixtyone jack pine snags had been sampled from the girdled treatment and
26 jack pine snags from the topped treatment in that study. For our
409
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“multcomp” (R Core Team, 2013; Torsten et al., 2008).
We used Akaike’s Information Criteria (AIC; Burnham and
Anderson, 2002) to rank candidate models containing combinations of
snag, insect, and/or decay variables as predictors of the number of
foraging excavations and the presence of cavities. AIC is based on
Kullback-Leibler distance and estimates the relative distance of a ﬁtted
model from the true (unknown) underlying mechanism(s) responsible
for generating what is observed. The model with the lowest AIC is best
supported by the data. We used R packages “stats” and “MASS” to run
models (R Core Team, 2013, Venables and Ripley, 2002).
We modeled foraging excavations and presence of cavities separately using two sets of candidate models representing multiple potential combinations of variables thought to inﬂuence the use of snags
by birds and supported by ﬁndings from previous studies. As many of
the predictors were inter-correlated, we did not develop one global
model with all proposed predictors. Snag height was not included in
any models because height was predetermined by treatment (e.g., all
topped snags were ∼3 m in height). Time since treatment was also not
used as a predictor variable because each of the three treatments took
place in a diﬀerent year, meaning that treatment eﬀects would be indistinguishable from time eﬀects for a given year.
To construct models of foraging excavation abundance, we used
variables related to treatment, snag DBH, stem density, insect activity
(all primary cavity-excavators present at SNWR are known to feed on
subcortical insects), and combinations of these variables based on
previous research related to inﬂuences of snag use by birds (Farris et al.,
2002, Saint-Germain et al., 2004, Farris and Zack, 2005). We included
models representing each of these hypothesized causal variables separately, as well as combined models containing snag DBH, stem density,
and insect activity as predictors. Decay variables were not used as
predictors in models of foraging excavation abundance because insect
and bird foraging activity often peaks 1–3 years after treatments in
pine-dominated ecosystems (Farris et al., 2002, Farris and Zack, 2005),
whereas our decay variables were measured 9–13 years following
treatment. Foraging excavations were treated as count data and modeled using a negative binomial distribution because data were overdispersed (variance > mean). Negative binomial distributions are
useful in modeling over-dispersed count data and include a dispersion
parameter (Bliss and Fisher, 1953).
A similar method was used to construct models of cavity presence.
Considering previous research ﬁndings (Petit et al., 1985, Parks et al.,
1999, Lehmkuhl et al., 2003, Bagne et al., 2008), candidate models
included variables representing treatment, snag DBH, stem density,
decay, and combinations of these. Logistic regression was used to investigate the presence of cavities.

failed to penetrate noticeably into the bark or sapwood (e.g., bark
ﬂaking).
In June and July of 2016, all snags were relocated using GPS coordinates and their decay characteristics and signs of past colonization
by subcortical insects were recorded (described below). Snag decay
characteristic metrics were adapted from Angers et al. (2012) and included stem integrity (intact or broken), presence of dead needles,
twigs, and/or branches, total bark coverage (e.g., 0–25%, 26–50%,
51–75%, or 76–100%), and wood penetrability (“softness” measured on
a four-point scale). The wood penetrability ratings were based on how
easily and how far into the bole a 2.5 cm-wide knife blade would penetrate. This value ranged from one (the blade could not penetrate the
bole) to four (the blade could easily penetrate the bole). This measurement was taken at breast height in the four cardinal directions. To
standardize measurements, the same knife was used on each occasion
and the same observer measured penetrability for each sample. The
numbers of nearby snags and live trees (> 10.2 cm DBH within a
0.01 ha circular plot) surrounding each snag were also counted.
Insect entrance/emergence holes and galleries and bark looseness
were evaluated at three diﬀerent heights: 0 m, 1.5 m, and 3 m.
Although the vast majority of snags were > 3 m in height, not all snags
were and in these cases only applicable heights were measured. At each
height, bark was removed from a 0.2 m-long band all around the bole
(Fig. 1). Bark that could be removed by hand with minimal eﬀort was
considered “loose.” The number of insect entrance/emergence holes
and coverage by galleries were recorded within each band using
methods modiﬁed from Flower et al. (2013): a gridded, transparent
sheet was placed over the area where bark was removed and the
number of 1-cm2 grid cells containing a gallery was recorded. The same
variables were measured on live trees, with the exception that bark was
not removed from the trees and gallery cover was not measured.

2.5. Data analyses
To identify diﬀerences in levels of insect and bird use and snag
characteristics among treatments, variables were compared using oneway analysis of variance tests (ANOVA). These tests were then followed
by post-hoc Tukey comparison tests to detect speciﬁc diﬀerences in
variables among treatments. We compared numbers of excavations
(e.g., foraging activity and cavities) recorded per snag in each treatment, decay characteristics, snag DBH, stem density (snags and live
trees), as well as bark cover and insect use at three heights from the
ground. These comparisons were done using R packages “stats” and

3. Results
3.1. Comparing treatments
Notable variability in decay characteristics (Table 2), as well as in
insect activity and bird use (Table 3) was observed among treatments.
In particular, there was a signiﬁcant diﬀerence in the level of bird
foraging evidence among treatments (F2,101 = 6.78, p < 0.01). The
prescribed ﬁre treatment yielded snags with signiﬁcantly more foraging
excavations per snag than the other two treatments (pF-G < 0.01, pFT = 0.02). No signiﬁcant diﬀerence in foraging activity was found between the girdled and topped treatments (p = 0.66). Although the
prescribed ﬁre treatment contained the greatest number of cavities
overall, there was no signiﬁcant diﬀerence in cavity presence per snag
among the three treatments (F2,101 = 0.824, p = 0.44).
There was also signiﬁcant variation among treatments in the
abundance of insect holes (F2,101 = 19.8, p < 0.01) and galleries
(F2,101 = 3.11, p = 0.05). The topped treatment had signiﬁcantly more
insect holes than each of the other treatments (p < 0.01 for both). The
topped treatment also had more insect galleries than the girdled

Fig. 1. Sampling design for measuring past subcortical insect activity and bark looseness.
Twenty-cm sections (vertically) were sampled at three heights (i.e., 0 m, 1.5 m, and 3 m)
on each snag/tree. A transparency grid was used to assess gallery cover.
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Table 2
Snag characteristics 9–13 years post-treatment for three diﬀerent methods of creating snags (i.e., girdling, topping, and prescribed ﬁre) and for live trees sampled for comparison.
Diameter at breast height (DBH), stem height (m), integrity (whether the snag is intact), percentage of bark cover (estimated percentage of bark covering a snag), penetrability (a measure
of wood hardness based on how easily the sapwood can be punctured), the number of trees per ha, and number of snags per ha for each treatment are listed.

Girdled
Topped
Prescribed Fire
Live
a

DBH (cm)

Height (m)

Mean (SD)

Mean (SD)

Intact

30.2 (5.6)
33 (3.6)
27.7 (8.4)
20 (5.4)

7.4
3.4
5.6
8.9

7
0
7
35

(3.9)
(0.3)
(3.0)
(1.3)

% Bark Cover

Penetrability (1 −4)a

Trees (ha−1)

Snags (ha−1)

Broken

Mean (SD)

Mean (SD)

Mean (SD)

Mean (SD)

28
35
27
0

48
53
40
99

1.7
2.2
1.8
2.0

183 (1 4 4)
180 (1 9 7)
82 (1 5 1)
386 (2 6 0)

31 (53)
26 (56)
200 (1 6 0)
37 (65)

Integrity

(24)
(27)
(29)
(3)

(0.4)
(0.5)
(0.4)
(0.1)

Four-point scale with 1 being the least penetrable and 4 being the most penetrable.

treatment (p = 0.04), although there were no signiﬁcant diﬀerence
between topped and prescribed ﬁre treatments (p = 0.47). There were
also no signiﬁcant diﬀerences between insect hole abundance or gallery
cover between the girdled and prescribed ﬁre treatments (pholes = 0.82,
pgalleries = 0.40).
Insect holes and foraging excavations in all treatments were concentrated at lower heights on snags (Fig. 2A). When comparing levels of
insect activity among treatments at each height along the bole, there
were signiﬁcant diﬀerences among treatments in the abundance of insect holes present at each height: 0 m: F2,101 = 28.1, p < 0.01; 1.5 m:
F2,100 = 59.03, p < 0.01; 3 m: F2,82 = 5.18, p = 0.01. However, only
at the middle height (1.5 m) were there signiﬁcant diﬀerences for galleries (F2,99 = 14.72, p < 0.01). Topped snags had more insect holes
than both girdled and prescribed ﬁre snags at the bottom and middle
heights (p < 0.01 in all four comparisons), and more insect holes than
girdled snags at 3 m (p = 0.01). At the 1.5-m section, girdled snags had
signiﬁcantly fewer galleries than the other two treatments (p < 0.01 in
both). Live trees had very little evidence of past bird excavations or
insect activity. No cavities were observed on live trees, only one live
tree had evidence of foraging activity, and only ﬁve of the 35 (14%) had
insect entrance or exit holes within the sections sampled (galleries were
not measured).
There was a signiﬁcant diﬀerence in penetrability of snags among
treatments (F2,101 = 16.89, p < 0.01). Topped snags had greater levels of penetrability than the prescribed ﬁre and girdled snags
(p < 0.01 for both). Bark retention on snags did not diﬀer signiﬁcantly
among treatments (F2,101 = 2.07, p = 0.13), although average bark
looseness did (F2,101 = 12.32, p < 0.01). Topped snags had a greater
percentage of loose bark on average than either the girdled (p = 0.03)
or prescribed ﬁre snags (p < 0.01). Prescribed ﬁre snags also had
signiﬁcantly less loose bark present than girdled snags (p = 0.04). In
examining how bark retention compared among treatments by vertical
height, diﬀerences were observed among treatments at all three heights
(0 m: F2,101 = 5.20, p = 0.01; 1.5 m: F2,100 = 12.1, p < 0.01; 3 m:
F2,82 = 11.23, p = 0.01; Fig. 2). The girdled and prescribed ﬁre snags

Fig. 2. (A) Average subcortical insect gallery cover per cm2 on snags within sections
sampled at three heights (i.e., 0 m, 1.5 m, 3 m) on snags created by prescribed ﬁre,
girdling, and topping. (B) Average subcortical insect entrance and exit holes per cm2
within sections sampled at three heights (i.e., 0 m, 1.5 m, 3 m) on snags created by
prescribed ﬁre, girdling, and topping.

Table 3
Evidence of past activity by birds and subcortical insects 9–13 years post-treatment for three diﬀerent methods of creating snags (i.e., girdling, topping, and prescribed ﬁre) and for live
trees sampled for comparison. Total number of foraging excavations, mean (standard deviation) number of foraging excavations per snag, total number of cavities, the average number of
insect entrance and exit holes per cm squared, the number of insect entrance and exit holes per cm squared broken out by size, and average “coverage” by insect galleries beneath the bark
of snags (number of 1-cm2 cell intersecting a gallery on a gridded transparent sheet) are listed.
Entrance and exit holes (cm−2) by size

Gallery cover
(cm−2)

Foraging excavations

Cavities

Entrance and exit
holes (cm−2)

Total

Mean (SD)

Total

Mean (SD)

# Small < 0.2 mm
Mean (SD)

# Medium 0.2–0.5 mm
Mean (SD)

# Large > 0.5 mm
Mean (SD)

Mean (SD)

Girdled
Topped
Prescribed Fire

152
252
546

2
3
11a

0.02 (0.03)
0.08 (0.06)
0.03 (0.02)

0.01 (0.01)
0.05 (0.03)
0.01 (0.01)

0.01 (0.01)
0.02 (0.01)
0.01 (0.01)

< 0.01 (< 0.01)
0.01 (< 0.00)
< 0.01 (< 0.01)

0.05 (0.04)
0.09 (0.05)
0.07 (0.08)

Live

23

4.3 (8.0)
7.2 (11.1)
16.1
(19.7)
0.7 (3.9)

0

< 0.01 (< 0.01)

< 0.01 (< 0.01)

< 0.01 (< 0.01)

< 0.01 (< 0.01)

NA (NA)

a

Cavities were found in 5 snags, two of which were red pines.
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diﬀered signiﬁcantly at all heights measured (p < 0.01 in all three
cases). The girdled snags had greater bark coverage at 0 m and 3 m
relative to the prescribed ﬁre snags (p < 0.01 for both), but less coverage at 1.5 m (p < 0.01). The girdled treatment also diﬀered in bark
coverage from the topped treatment at the 1.5-m and 3-m sections,
having greater coverage at 3 m (p < 0.01), but having signiﬁcantly
less bark remaining at 1.5 m (p < 0.01).
Diﬀerences in stem density of nearby snags and nearby live trees
were observed among treatments (F2,101 = 32.61, p < 0.01 for snags;
F2,101 = 4.09, p = 0.02 for live trees). Snags were aggregated more
densely in the prescribed ﬁre treatment than in the other treatments
(p < 0.01 for both), and had fewer nearby live trees than the other
treatments (p = 0.04 for both). No signiﬁcant diﬀerences in snag or
tree densities were observed between the girdled and topped treatments
(psnags = 0.97, ptrees = 0.99). Diﬀerences also existed among treatments in average diameter (F2,101 = 6.93, p < 0.01) and height
(F2,101 = 17.07, p < 0.01) of the snags. Snags in the prescribed ﬁre
treatment were signiﬁcantly smaller in diameter than snags in the
topped treatment (p < 0.01), although no other signiﬁcant diﬀerences
in diameter were noted (pG-T = 0.11, pG-F = 0.21). Topped snags were
on average shorter than both the prescribed ﬁre (p = 0.01) and girdled
(p < 0.01) snags. The girdled snags were on average taller than the
snags from the prescribed ﬁre treatment (p = 0.03).

Table 5
Comparison and ranking of candidate generalized linear models predicting the presence
of cavities among three snag creation treatments: girdling, topping, and prescribed ﬁre.
Models used a binomial distribution. Model predictors, number of parameters (K),
Akaike’s Information Criterion (corrected for smaller sample sizes), AICC rescaled from
the lowest score (Δ AICC), and Akaike weights (w.AICC) for each model are listed. The top
two models are identiﬁed in bold.
Predictor type

Predictors

K

AICc

ΔAICc

w.AICc

Treatment
Snag diameter
Stem density

Trtmt
DBH
NearSnags
NearTrees
NearSnags + NearTrees
Integrity
Penet
BarkCover
DBH + BarkCover
DBH + Penet
DBH + Integrity
NearSnags + Integrity
NearSnags + Penet
NearTrees + Integrity
NearTrees + Penet
NearSnags + NearTrees
+ Integrity
NearSnags + NearTrees + Penet
Trtmt + DBH
Trtmt + NearSnags
Trtmt + NearTrees
Trtmt + NearSnags + NearTrees
Trtmt + Integrity
Trtmt + Penet
Trtmt + BarkCover
Trtmt + DBH + BarkCover
Trtmt + DBH + Penet
Trtmt + DBH + Integrity
Trtmt + NearSnags + Integrity
Trtmt + NearSnags + Penet
Trtmt + NearTrees + Integrity
Trtmt + NearTrees + Penet
Trtmt + NearSnags
+ NearTrees + Integrity
Trtmt + NearSnags
+ NearTrees + Penet

3
2
2
2
3
2
2
2
3
3
3
3
3
3
3
4

70.72
65.21
67.36
70.05
69.59
69.98
70.08
70.09
67.20
67.46
66.79
69.62
69.53
72.19
72.30
71.94

5.52
0.00
2.15
4.85
4.38
4.77
4.87
4.88
2.00
2.26
1.58
4.41
4.33
6.99
7.09
6.74

0.01
0.15
0.05
0.01
0.02
0.01
0.01
0.01
0.06
0.05
0.07
0.02
0.02
0.00
0.00
0.01

4
4
4
4
5
4
4
4
5
5
5
5
5
5
5
6

71.86
67.35
65.45
72.77
66.44
72.89
73.05
73.01
68.55
69.82
68.25
67.72
67.92
75.05
75.21
68.60

6.65
2.14
0.24
7.57
1.23
7.69
7.85
7.81
3.34
4.61
3.05
2.52
2.71
9.85
10.00
3.39

0.01
0.05
0.13
0.00
0.08
0.00
0.00
0.00
0.03
0.02
0.03
0.04
0.04
0.00
0.00
0.03

6

69.02

3.82

0.02

Decay

Combinations

3.2. Generalized linear models
Among the candidate models predicting frequency of bird foraging
activity, the model containing only an eﬀect of snag creation method
(“treatment”) was the best supported (Table 4). The prescribed ﬁre
treatment was a signiﬁcant predictor of the abundance of foraging excavations (Table 6), with nearly twice as much foraging activity predicted for a snag in the prescribed ﬁre treatment compared to the
girdling treatment (or 1.89 times; on average 2.78 ± 0.34; Table 6).
And 1.4 times as much foraging activity was predicted in the prescribed
ﬁre treatment compared to the topped treatment. The next highest
ranked model for foraging excavations contained treatment and insect
holes as explanatory variables. However, insect holes as a predictor did
not have a signiﬁcant eﬀect on the abundance of foraging excavations
in the model (Table 6).
In comparing candidate models that predicted cavity presence, the
model containing only snag DBH had the greatest support (Table 5).
The odds of a cavity being present was 1.14 times more likely for every

centimeter increase in diameter. The next highest ranked model for
presence of cavities contained treatment variables and number of
nearby snags as predictors, and both had signiﬁcant eﬀects on cavity
presence. The odds of a cavity being present were found to be 9.09
times more likely within the prescribed ﬁre treatment relative to the
other two treatments. However, cavities were nearly a third less likely
to be present for every increase in the number of nearby snags in the
prescribed ﬁre treatment (Table 6).

Table 4
Comparison and ranking of candidate generalized linear models predicting the number of
foraging excavations in snags among three snag creation treatments: girdling, topping,
and prescribed ﬁre. Models used a negative binomial distribution. Model predictors,
number of parameters (K), Akaike’s Information Criterion (corrected for smaller sample
sizes), AICC rescaled from the lowest score (Δ AICC), and Akaike weights (w.AICC) for
each model are listed. The top two models are identiﬁed in bold.
Predictor type

Predictors

K

AICc

ΔAICc

w.AICc

Treatment
Snag diameter
Stem Density

Trtmt
DBH
NearSnags
NearTrees
NearSnags + NearTrees
Holes
Galleries
DBH + Holes
DBH + Galleries
Trtmt + Holes
Trtmt + Galleries
Trtmt + DBH
Trtmt + NearSnags
Trtmt + NearTrees
Trtmt + DBH + Holes
Trtmt + DBH + Galleries
Trtmt + NearSnags + NearTrees

4
3
3
3
4
3
3
4
4
5
5
5
5
5
6
6
6

645.56
654.89
652.01
657.91
654.25
654.94
657.37
654.72
656.31
646.20
647.63
647.97
648.02
647.15
648.64
650.07
649.73

0.00
9.33
6.45
12.36
8.69
9.39
11.82
9.17
10.75
0.64
2.08
2.41
2.47
1.59
3.08
4.52
4.18

0.27
0.00
0.01
0.00
0.00
0.00
0.00
0.00
0.00
0.20
0.10
0.08
0.08
0.12
0.06
0.03
0.03

Insect activity
Combinations

4. Discussion
The objective of this study was to quantify the eﬀects of diﬀerent
methods to create snags within the context of wildlife utilization. More
speciﬁcally, we examined the development of overall decay patterns
and the response of subcortical insects and primary cavity-nesters 9–13
years after snag treatment. Our approach in identifying and teasing
apart diﬀerences among treatments was composed of two steps: we ﬁrst
examined how treatments diﬀered on the variables measured and we
then asked which variables were best at explaining the variation observed in excavations by primary cavity-nesters across all treatments.
It is important to note the eﬀects the individual treatments had on
stand structure. Mechanical treatments (both girdling and topping)
resulted in snags that were distributed more evenly throughout the
stand compared to the prescribed ﬁre treatment. The prescribed ﬁre
treatment produced a denser aggregation of smaller jack pine snags
relative to the other treatments. We consider the diﬀerences in snag
412

Forest Ecology and Management 409 (2018) 407–416

S.A. Weiss et al.

reduced. Drying wood cells shrink as moisture is lost and there is
generally a decrease in plasticity of the wood (Panshin and de Zeeuw,
1980). Thus, moisture loss midway up the bole on girdled snags may
have contributed to snags breaking more readily.
We expected that more bird foraging activity would occur on snags
with more insect use, but we did not ﬁnd this to be true. Instead, we
found that topped snags showed the greatest levels of subcortical insect
use while snags generated by prescribed ﬁre had the most foraging
excavations, contrary to what one might expect if birds were speciﬁcally targeting foraging sites based solely on subcortical insect abundance. This suggests that birds were foraging based on additional cues.
Because treatments were applied at diﬀerent sites, each treatment encompassed environmental factors not measured in this study. These
unknown variables may have played a role in foraging site selection and
possibly inﬂuenced the use of snags by a species such as the blackbacked woodpecker, a known post-ﬁre specialist that shows a strong
preference for recently burned forests (Nappi et al., 2010). Past work by
Youngman and Gayk (2011) noted the irruptive nature and high population density of black-backed woodpeckers following ﬁre in pinedominated ecosystems of eastern Upper Michigan. It is possible that the
environmental cue of a recent ﬁre is the most important factor for locating preferred foraging habitat for this species. Given their known
occurrence in the region, this species may have been responsible for a
large proportion of the excavations observed in the prescribed ﬁre
treatment.
The model containing snag DBH performed best at predicting the
presence of cavities on snags. This ﬁnding is consistent with other
studies that have found larger snags to be preferred by primary cavitynesters (Parks et al., 1999, Lehmkuhl et al., 2003, Farris and Zack,
2005). Most studies have generally shown that primary cavity-nesters
preferentially target larger trees that have experienced a certain level of
heart rot (Conner et al., 1976, Lehmkuhl et al., 2003, Nappi et al., 2003,
Farris and Zack, 2005, Bagne et al., 2008). This should have made the
topped snags preferable, being generally larger in diameter and potentially more easily penetrable. However, birds are likely balancing
several factors beyond ease of excavation when creating a cavity. Blanc
and Martin (2012) looked at decay proﬁles of cavity trees in aspen
(Populus) forests and found that woodpeckers traded oﬀ ease of excavation with tree security, and often selected unhealthy live trees for
nesting. Because topped snags were restricted in height to ∼3 m, some
primary cavity-nesters may have chosen not to use the snags we created
(Table 1). Unfortunately, this shorter height was a limitation imposed
by the logging equipment and future studies in this region might consider exploring topping snags through other means.
A wide range of forest wildlife use dead woody material throughout
their life cycles. Our aim was not only to identify treatment-speciﬁc
characteristics of snags that were preferred by primary cavity-nesters,
but to also infer on the usefulness of snag treatments for other taxa
(Table 7). In particular, loose, retained bark on snags may provide
shelter for a number of wildlife taxa other than birds. Over the course of
this research, we found two species of snakes (Opheodrys vernalis,
Storeria occipitomaculata) and one tree frog (Hyla versicolor) beneath the
loose bark at the base of topped snags. Also, although we did not observe any, some species of bats–including the threatened northern longeared bat (Myotis septentrionalis) – are known to roost beneath exfoliating or loose bark (Foster and Kurta, 1999). Therefore, management aimed at beneﬁtting such species might consider a treatment
where bark is retained and is adhered more loosely to the snag (topping). Conversely, herpetofauna and small mammals beneﬁt from dead
material as cover on the forest ﬂoor (Maser et al., 1979, Bull, 2002).
Individuals may therefore beneﬁt more from a treatment that resulted
in stem breakage soon after tree death and downed woody material that
is sound (girdling).

Table 6
Results of the two highest ranked generalized linear models for predicting the number of
foraging excavations on snags (modeled using a negative binomial distribution) and for
predicting the presence of cavities on snags (modeled using a binomial distribution)
across three snag creation treatments (i.e., girdling, prescribed ﬁre, and topping).
Estimate

Odds Ratio

SE

z-value

p-value

0.24
0.34
0.34

6.11
3.90
1.51

< 0.01
< 0.01
0.13

NA
NA
NA
NA

0.25
0.33
0.38
3.33

6.38
3.90
1.90
−1.41

< 0.01
< 0.01
0.06
0.16

Predicting the presence of cavities
Model 1:
Intercept
−6.35
DBH
0.13

0.00
1.14

2.15
0.06

−2.95
2.04

< 0.01
0.04

−2.57
2.21
0.37
−1.15

0.08
9.09
1.45
0.32

0.73
0.96
0.95
0.55

−3.50
2.30
0.39
−2.10

< 0.01
0.02
0.69
0.03

Predicting the number of foraging excavations
Model 1:
Intercept
1.47
NA
Fire
1.31
NA
Topped
0.51
NA
Model 2:

Model 2:

Intercept
Fire
Topped
Holes

Intercept
Fire
Topped
NearSnags

1.58
1.30
0.73
−4.69

stem density to be outcomes of these treatments. Girdling or topping
trees with logging equipment necessitated a minimal level of spacing to
allow equipment to move through the stands while still accomplishing
the management objectives of the harvest and prescribed ﬁre typically
kills smaller trees. For these reasons, stand-level diﬀerences in structure
were inherently a part of any treatment eﬀects observed.
Overall, we found diﬀerences among snag treatments for several
decay variables. Topped snags were more penetrable and had a higher
proportion of loose bark remaining than the other treatments. Girdling
produced snags that were generally much harder and less penetrable
than even live trees. Snags generated by prescribed ﬁre had levels of
penetrability comparable to live trees, with any bark remaining being
more adhered to the bole. There was also evidence of diﬀerent levels of
use by subcortical insects and birds among treatments. Treatment as a
variable was, by itself, shown to be a signiﬁcant predictor of the
abundance of foraging excavations and presence of cavities. Snag diameter was also found to be an important predictor of cavity presence,
arguably to a greater degree than treatment.
Some of the unique decay characteristics we observed among
treatments have previously been documented in studies from other
types of conifer forests. For instance, topped snags decayed faster than
other snag treatments tested in a number of studies conducted in
western forests of the United States (Bull and Partridge, 1986, Hallett
et al., 2001, Lehmkuhl et al., 2003; Filip et al., 2004). High levels of
retained loose bark on topped trees may retain moisture within the
sapwood of snags. Topping itself also creates a ﬂat, exposed surface that
readily collects moisture, providing suitable conditions for fungi and
microbes (Harmon et al., 1986). Topped snags were also used more
heavily by insects, which could have further facilitated microbial colonization and decay (Harmon et al., 1986).
We found that girdled snags were generally harder than snags from
the other treatments and had lower levels of insect activity and bird
excavations. Past studies have found that mechanical girdling resulted
in snags that decayed slower than other treatments (Bull and Partridge,
1986, Hallett et al., 2001, Parks et al., 1999, Shea et al., 2002). Girdled
snags have also been found to break at faster rates than other snag
creation treatments, such as topping (Hallett et al., 2001). Within the
same stands studied herein, Corace et al. (2013) found that categorical
rates of decay classes were inﬂuenced by the cause of death. In particular, a greater percentage of girdled trees developed more advanced
classes of decay (associated with breaking) faster than other snag
creation treatments. It is possible that girdling caused desiccation of the
sapwood at the middle sections on the stems where bark had been
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As a snag, they are unlikely to have much value relative to
other treatments. Due to the soundness of the material,
however, this treatment may yield long-lasting, coarse
woody material beneﬁting herptofauna as cover over time.

Possibly high use by herptofauna due to high bark retention
and bark looseness. Two snake species and one tree frog were
observed beneath the bark of topped snags during the course
of this study.

In terms of amount of bark present, possibly lower use by
herptofauna in short-term. However, over time the
remaining bark may become less adhered and provide cover
for herpetofauna.

As a snag, they are unlikely to have high value for mammals
relative to other treatments. Due to the soundness of the
material, however, this treatment may yield long-lasting,
coarse woody material beneﬁting small mammals as cover
over time.

Possibly high value for bats due to high bark retention and
bark looseness. Combined with high levels of insect use, this
treatment could provide feeding sites and cover for rodents
as well.

In terms of amount of bark present, possibly lower use by
bats and mammals in short-term. However, over time the
remaining bark may become less adhered and provides
cover for bats and small mammals.

Of all three treatments, this may be the one with the lowest
snag value for cavity-nesting birds over periods of 9–13
years. The hardness of wood and lower insect use may
preclude foraging by some birds, and we found few cavities
present on sampled snags. Nonetheless, for perching species
(e.g., raptors) the soundness of wood may be useful.

Use by insects is relatively high. Decay and wood softness
resulting from this treatment may provide a substrate that is
easily excavated for weaker cavity-nesters, such as
nuthatches and chickadees. However, the height of this
speciﬁc treatment may preclude cavity excavation by some
species. Loose bark can be used as resting cover for some
small birds.

As other studies show and this study further supports, this
treatment is likely preferred (or necessary) for many primary
cavity-nesters.

5. Limitations
There are several limitations to consider when interpreting our results. First, due to the opportunistic design of the study, each treatment
was conﬁned to a speciﬁc area of the landscape and not replicated at
multiple locations. Thus, site eﬀects may have contributed to the observed treatment eﬀects. However, site characteristics were relatively
uniform across treatments with forest soil type, structure, composition,
topography, and site history all similar (see Methods). Second, each
treatment was implemented in a diﬀerent year, so we were not able to
account for time since treatment as a variable. However, if most of the
foraging and insect activity occurred within three years of tree death as
shown in previous studies (Farris et al., 2002, Farris and Zack, 2005),
this should have had little eﬀect on the results of our foraging model.
There were also treatment eﬀects resulting from the manner in which
the treatments were implemented. In particular, girdling resulted in a
lack of insect or bird activity on the middle, debarked section of the
bole. This also likely aﬀected associated decay processes, regardless of
time since treatment. Lastly, this study focused primarily on jack pine
snags. Snags in mixed-pine ecosystems of the Great Lakes region exhibit
species-speciﬁc decay rates (Corace et al., 2013), so our results may not
hold true for other tree species.
6. Conclusions
This study contributes region-speciﬁc knowledge regarding wildlife
use of managed snags within Great Lakes mixed-pine forests. Biological
legacies, such as snags, play an important role in ecosystem function.
Great Lakes forest mangers seeking to conserve or restore mixed-pine
forest ecosystems and manage them for the beneﬁt of multiple taxa may
desire to incorporate these features in their forest treatments. One potential application of this knowledge is in northern Lower Michigan
jack pine stands managed for the Kirtland’s warbler. Current management practices to promote Kirtland’s warbler breeding habitat commonly consist of harvesting and replanting jack pine in an opposing
wave pattern meant to emulate conditions that arise from stand-replacing ﬁres that were historically more common (MDNR et al., 2015).
However, many patterns that result from prescribed ﬁre or wildﬁre in
jack pine forests are not present in jack pine plantations for Kirtland’s
warbler. Plantations diﬀer from stands that originate following ﬁre in
overall stem density and patchiness (Kashian et al., 2017), as well as the
amount, spatial conﬁguration, and longevity of biological legacies
(Spaulding and Rothstein, 2009, Corace et al., 2010, Kashian et al.,
2012). Therefore, there may be opportunities for managers to consider
incorporating snag treatments as shown here into harvesting done in
mature stands before jack pine seedlings are planted.
It is important to consider that diﬀerent methods of creating forest
structures, such as snags, result in variable patterns of subsequent
decay. Consequently, use by target wildlife species will likely vary depending on the treatment chosen and wildlife community present.
Furthermore, some specialist wildlife species likely have other ways of
identifying quality foraging and breeding habitat beyond the presence
of dead trees. Snags provide important habitat features for mammals,
herpetofauna, insects, and birds. Knowledge of the decay characteristics
that result from these snag creation treatments and how they may aﬀect
various taxa can be useful for managers when considering snag treatment options that align with their management objectives.
Acknowledgments
We thank Sarah Rademacher, Lyndsay Morrison, and Tayelor
Gosselin for their help with data collection. Laurie Tansy and other
SNWR staﬀ are thanked for logistical support. We also thank two
anonymous reviewers whose suggestions greatly improved this work.
Funding was provided by The Ohio State University, Seney National
Wildlife Refuge, and the Seney Natural History Association. The

Prescribed Fire

Topped

Girdled

bark retention at site
• Low
where girdling occurred
density is highest and
• Wood
wood is relatively harder
to breaking
• Prone
level of colonization
• Lowest
by subcortical insects
bark retention
• High
proportions of loose
• Greater
bark
is relatively softer,
• Wood
less dense
heavily colonized by
• Most
subcortical insects
bark retention
• Low
adherence of
• Greater
remaining bark
hardness is similar to
• Wood
that of live trees
most colonized by
• 2nd
subcortical insects

Implications for herptofauna
Implications for mammals
Implications for birds
Major snag characteristic(s)
Treatment

Table 7
Potential wildlife implications associated with jack pine snags created using three methods (i.e., girdling, topping, and prescribed ﬁre) based on major snag characteristics associated with each treatment type at Seney National Wildlife Refuge.
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